Based on a universal relationship between the extinction coefficient and the fluorescence intensity in their overlapping region, local temperatures T* higher than the ambient T were determined for shortlived luminescent molecules of lifetimes from 7 ps to 77 ps. The reason for such a local temperature T*, which holds also during the emission process, is the non-establishment of statistical equilibrium over the vibrational levels of excited molecules. It is found that the intensity distribution in the fluorescence band depends slightly on the wavelength of the excitating light, which evidences the lack of thermal equilibrium with the vicinal surrounding.
Introduction
The universal relation beween the extinction coefficient and the fluorescence intensity is based on very general physical assumptions and is one of the most important photoluminescence regularities. As early as in the twentieths Kennard [1, 2] and then Stepanov [3, 4] dealt with that problem. The relation obtained by them can be presented in the form
where/(v) is the spectral distribution of the fluorescence intensity, v the wavenumber, e(v) the extinction coefficient, and c is the velocity of light. The functions F(v) versus v are straight lines, the slopes of which allow for the determination of T. This method gives the weighted average over the lifetime of the excited state of the luminescent molecule studied. If the occupation density of vibrational levels in the excited state does not correspond to the temperature T of the solution studied but to a higher "vibrational temperature" T*,( 1) should be written in the modified form [5] 
Relation (2) has been investigated for liquid, viscous and rigid solutions [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . It has been found that only in viscous and rigid solutions as well as in mixed solutions the local temperature T* is always higher than the ambient temperature T. Experimental investigations of (1) performed by us in the seventies [15] [16] [17] showed that both for polar and nonpolar luminescent molecules in polar and nonpolar liquid solvents the temperature T* is equal to the ambient temperature T (within the ± 10 K accuracy). This concerns the case in which the decay time T F of the excited state is so long (about 10 -9 s) that thermal equilibration occurs between the luminescent and solvent molecules.
If, however, r F is comparable to the relaxation time T R of the vibrational energy, emission occurring before relaxation is expected and the emission band is broadened on the long wavelength side. In this case the spectral distribution of emission intensity will be slightly dependent on the wavelength A exc of the excitation light [18] .
Recently, Sawicki, and Knox [19, 20] introduced the term of spectral temperature T*(v) defined through the local slope of F(v). Equation (3) can be obtained by differentiating eq. (2) versus v:
In the present work we will show that for luminescent molecules with a very short lifetime T F comparable to that of the relaxation time r r in liquid solvents of low viscosity the inequality T* > T is also valid.
0932-0784 / 99 / 0600-475 $ 06.00 © Verlag der Zeitschrift für Naturforschung, Tübingen • www.znaturforsch.com ( Figs. 6. and 7. Flourescence spectra of 2a and 3a in n-hexane, respectively, for different excitation wavelengths: A cxc = 310 nm (solid line), AB xc = and A exc = 350 nm (dots). 
Experimental
4-dimethylamino-ö>diphenylphosphinyl-trans-styrene (2a) and 4-dimethylamino-ft)-methylsulphonyltrans-styrene (3a) of spectroscopic grade were synthesized and kindly gifted by Dr. Dieter Gloyna (Humboldt Universität zu Berlin).
The dyes: rhodamine B, rhodamine S, rhodamine 6G, Na-fluorescein, and erythrosin B analytically pure were additionally purified by multiple crystallization. All alkane solvents were spectroscopically pure. Water was doubly distilled. The absorption spectra were recorded on a fully computerized Zeiss model M-40 spectrophotometer and fully corrected fluorescence spectra were measured using a spectrofluorimeter designed and built in our laboratory [21] .
Results and Discussion
We selected seven luminescent compounds, four of them with long lifetimes (several nonoseconds) and three with short lifetimes ranging (from 7 ps to 77 ps). (fluorescence band) and below v = 17100 cm -1 (absorption band). A similar behaviour is found for rhodamine S and Na-fluorescein in water. Temperatures T* determined based on (2) are listed in Table 1 . It can be seen that the differences AT = T* -Tare within the limits of experimental error ± 10 K (resulting from the uncertain-ty of the slope of F(v)). Our results are in a full agreement with the earlier ones obtained for nonpolar and polar luminescent molecules in nonpolar and polar solvents [15] [16] [17] 22] . It has been found therein that the polarity of both the luminescent and solvent molecules does not exhibit a significant dependence on the local temperature.
A completely different behaviour, compared to the mentioned dyes, was found in this work for other luminescent compounds, the lifetimes of which are very short. Figures 3-5 show the results of investigations on erythrosin B in water and on 2a and 3a in «-hexane, respectively. The linear dependence of F(y) according to (2) is fulfilled over the absorption and fluorescence overlap range, however the temperatures T* determined from the slope of F(v) exceed distinctly the ambient temperature T(cp. Table 1 ). In Figs. 3-5 the function T*(v) is plotted only over such a range of absorption and fluorescence where no significant experimental error is made.
Data obtained for these short lived solutes suggest that higher values of T* are caused by the non-establishment of statistical equilibrium before the emission act over the vibrational levels of excited molecules. In this case part of the excess of excitation energy is not dispersed throughout the solvent during the short lifetime of the solute. This is the reason of the high local temperature T* which holds also during the emission process. In view of the very short lifetimes of the molecules studied (7 ps-77 ps) and the lack of thermal equilibrium with the surrounding medium it should be expected that the intensity distribution in the emission band as well as its spectral location will not be independent of the excitation light frequency. Figures 6 and 7 show that indeed a slight dependence of the fluorescence band on the excitation light frequency is observed.
